Introduction {#sec1-1}
============

Environmental contamination with heavy metals is considered as a public health problem in Egypt. Their progressive contamination of the soil and water are increasing to an alarming rate \[[@ref1]\]. Besides, the growing industrial development and disorganised urbanization, contribute to the raised levels of heavy metals in the urban environment of our country \[[@ref2]\].

Prenatal exposure to environmental contaminant may occur through the placenta and the umbilical cord. It has been widely evidenced that the protection provided by the placental barrier is not complete, as several harmful agents can pass through it, like some drugs and toxic agents \[[@ref3]\].

Nowadays, toxic heavy metals are considered as major sources of the progressively growing problem of environmental pollution. Cadmium, lead, and arsenic are all toxic heavy metals present in the surrounding environment almost always together as co-occurrences \[[@ref4]\]. Collectively, they reach our bodies through the air, food, and water, with a special referral to cadmium, whose main entry source, is smoke \[[@ref5]\].

Several studies have investigated the passage of these contaminants from the mother to the fetus, and their influence on the health of pregnant mothers and their fetuses where they can affect growth and development \[[@ref6]\], \[[@ref7]\].

They are all neurotoxic besides their other hazards, mostly due to the oxidative stress \[[@ref8]\]. Fortunately, on the other side, they can induce the synthesis of low molecular weight proteins, rich in cysteine, named metallothioneins (MTs) at the placenta. These, in turn, are protective to the fetus against the different stressful conditions exemplified by heavy metals, oxidative damages and inflammation. They can regulate cell growth differentiation repair and apoptosis. Moreover, they are a pillar for immune regulation and are protective against immune-mediated apoptosis \[[@ref9]\].

The purpose of this study was to identify the relation between serum lead, cadmium and arsenic levels in pregnant mothers and their newborn's cord blood, to justify the function of the placental barrier in this condition.

Material and Methods {#sec1-2}
====================

A cross-sectional study that was conducted in the period from September 2016 to June 2017, 100 pregnant mothers and their newborns were recruited at the time of labour \[[@ref10]\]. They were chosen randomly from those attending AL-Galaa Teaching Hospital as a research project, funded the by National Research Centre 10^th^ research plan, entitled "immunological profile in cord blood and growth assessment of the newborn about maternal exposure to environmental contaminant". (Grant No. 11010140), which was approved by the Medical Ethical Committee of the National Research Centre (Registration No.16-295).

All mothers gained comprehensive and clear knowledge about the aim of our work, and written consents were signed before enrollment.

The mother's ages ranged between 18 and 40 years. Neonates were of both sexes. Pregnant mothers with a history of chronic diseases or major illnesses during pregnancy were excluded. Neonates with any apparent congenital abnormalities, genetic, metabolic or neurological problems were also excluded.

The following data were collected {#sec2-1}
---------------------------------

\- Sociodemographic data about mothers included age, social status, economic responsibility, water source availability, sanitary disposal, smoke exposure and education.- Food frequency questionnaire (FFQ) for dietary assessment of the different foodstuff.- Gestational age, type of labour, history of delivery problems and chronic diseases.- Maternal anthropometric measurements of weight in kilograms (kgs) height in centimetres (cm).- Neonatal Apgar scoring, at one and five minutes, was measured to assess neonatal condition at birth.- Neonatal anthropometric measurements of weight (kgs), height (cm), head circumference and mid-upper arm circumference (MAC) in cm were all taken.

Blood sample collection {#sec2-2}
-----------------------

Five ml of blood were collected from mothers, whether in normal or section delivery at the time of labour and put in 3 free EDTA tubes. Another 5 ml of blood were collected from the cord blood during delivery before placental separation and put in free EDTA tubes.

These blood samples were for measuring the cadmium, lead, and arsenic levels in mothers and umbilical cord of fetus using inductively coupled plasma mass spectrometry, as shown in a previous study \[[@ref10]\].

Statistical analysis {#sec2-3}
--------------------

The analysis was performed using SPSS version 21 (SSPS Inc., Pennsylvania, USA). Mean ± SD, median and interquartile ranges were used to present quantitative data. While frequencies and percentages used for qualitative data. Mann Whitney U test was used for comparison between groups. Pearson's correlation analysis was carried out to evaluate the association between variables. P \< 0.05 value was considered as significant.

Results {#sec1-3}
=======

A total of 100 mothers with their infant (46 males and 54 females) were analyzed for the current study; their mean age was 26.25 ± 5.44 years. The study population had no history of occupational exposure to toxic elements, and they were all living in an urban environment. None of the mothers was active smokers, while about 80% were passive smokers. [Table 1](#T1){ref-type="table"} shows the demographic characteristics of our target population

###### 

General characteristics of the study population

  Categorical variables    Category          N (%)
  ------------------------ ----------------- ----------
  Maternal Age             below 20 years    8 (8%)
  20-30 years              63(63%)           
  More than 30 years       29 (29%)          
  Type of delivery         Normal delivery   55 (55%)
  Cesarean section         45 (45%)          
  Newborn's gender         Male              46 (46%)
  Female                   54 (54%)          
  Vegetables intake        1 / week          27 (27%)
  3 / week                 55 (55%)          
  \> 3 / week              17 (17%)          
  Fruits intake            1 / week          44 (44%)
  3 / week                 38 (38%)          
  \> 3 / week              17 (17%)          
  Animal proteins intake   1 / week          59 (59%)
  3 / week                 35 (35%)          
  \> 3 / week              5 (5%)            
                                             
  Continuous variables     Mean              SD
                                             
  Gestational age          37.04             2.1
                                             
  Newborn Weight           2.9               0.64

As shown in [Table 2](#T2){ref-type="table"}, all the studied heavy metals concentrations displayed significant enhancement in the maternal blood serum versus to the cord blood serum.

###### 

Heavy metals concentrations in maternal and cord blood sera

                    Maternal   Fetal   Z      P                                                           
  ----------------- ---------- ------- ------ ------- ------ ------- ------ ------- ------ ------ ------- ---------------------------------------
  Lead (µg/ml)      23.56      36.1    0.30   12.84   19.7   13.15   22.2   0.05    5.5    13.2   -2.84   0.005[\*](#t2f1){ref-type="table-fn"}
  Arsenic (µg/L)    60.86      527.2   1.08   2.30    7.7    3.43    7.5    0.499   0.98   2.72   -4.66   0.000[\*](#t2f1){ref-type="table-fn"}
  Cadmium (ng/ml)   20.59      155.9   0.35   1.35    7.1    1.95    3.2    0.15    0.60   1.6    -3.14   0.002[\*](#t2f1){ref-type="table-fn"}

Significant at p \<0.05 level.

The correlations between maternal and fetal heavy metals are shown in [Table 3](#T3){ref-type="table"}; a significant positive association was recorded between the maternal lead and both fetal levels of lead and arsenic. There was also an insignificant negative association between maternal cadmium concentrations and the cord blood serum levels of cadmium, lead and arsenic

###### 

Correlation between maternal and neonatal heavy metals

                Fetal Pb   Fetal As                                Fetal Cd                                
  ------------- ---------- --------------------------------------- --------------------------------------- --------
  Maternal Cd   r          -0.007                                  -0.001                                  -0.018
  P - Value     0.944      0.992                                   0.859                                   
  Maternal Pb   r          0.718[\*](#t3f1){ref-type="table-fn"}   0.593[\*](#t3f1){ref-type="table-fn"}   -0.010
  P - Value     0.000      0.000                                   0.919                                   
  Maternal As   r          -0.047                                  0.022                                   -0.042
  P - Value     0.642      0.827                                   0.679                                   

Significant at p \<0.05 level.

Discussion {#sec1-4}
==========

The protective function of the placental barrier against some toxic heavy metals was assessed in the present study, by evaluating the relationship between levels of arsenic, cadmium and lead in the maternal and cord blood, we observed statistically significantly higher concentrations of all mentioned heavy metals in maternal blood serum than in cord blood serum.

In comparison to other recent studies, concentrations of the above-mentioned heavy metals were assessed in Malaysia in maternal and cord blood; they observed significantly lower levels of lead and cadmium but not arsenic in cord blood than in maternal blood \[[@ref11]\]. Our findings were also in partial agreement with those of Zhuo et al., \[[@ref12]\] who reported higher concentrations of lead and cadmium in a maternal blood clot in comparison to an umbilical cord blood clot, but again arsenic levels showed insignificant differences. These investigators also stated that the barrier function of the placenta works most effectively with cadmium. Simultaneously, our findings indicate that the placental barriers act as a partial defence against those agents especially arsenic and cadmium.

On the opposite side, the finding of this research indicated that maternal blood cadmium levels correlated negatively, but insignificantly with the umbilical cord blood levels of cadmium, lead, and arsenic. The oxidative stress which cadmium in poses should mal-affect the placental barrier, which in turn should allow more levels of toxic metals to pass to the fetus. However, the observed negative correlation in this study could be ascribed to the capability of the maternal cadmium, even at relatively low doses, to act as a powerful driver of metallothioneins synthesis at the placental barrier \[[@ref13]\], \[[@ref14]\]. MTs are proteins of low molecular weight and abundant in cysteine; they can hinder the passage cadmium from the mothers to their fetuses in several ways. It is worth mentioning that MTs, however, do not completely stop the movement of Cd from mothers to their fetuses \[[@ref14]\], but Cd had been considered a more potent inducer of MTs in comparison to other heavy metals \[[@ref15]\].

Several recent types of the research reported results consistent with ours where they found out that the placenta works as a strong barrier against Cd passage to the fetuses whose umbilical cord blood Cd levels were significantly lower than those of mothers' blood (P \< 0.001) \[[@ref11]\], \[[@ref16]\].

On the other hand, this study found a highly significant positive correlation between the maternal lead levels and the fetal lead and arsenic levels. In accordance, previous work demonstrated that lead and arsenic have positive correlations with each other \[[@ref17]\], \[[@ref18]\]. Moreover, both metals showed a synergistic action \[[@ref19]\].

Also, a recent meta-analysis mentioned a positive association in most of the included studies, between placental lead level and that of cord blood \[[@ref20]\]. The easy transfer of lead across the placental barriers by a passive diffusion process was documented previously \[[@ref3]\]. Also, lead was declared to be detrimental even at low levels of exposure \[[@ref21]\]. It is crucial to emphasise that lead was documented to induce oxidative stress through various mechanisms, causing structural injury and perturbation of various vital functions at the cellular level \[[@ref22]\], \[[@ref23]\].

Meanwhile, both lead and arsenic impair nitric oxide production, which is a known endothelial relaxing agent, leading to increased reactive oxygen species (ROS) generation \[[@ref24]\], causing deterioration to the vascular endothelium, and this will end in vasoconstrictions \[[@ref25]\]. Accordingly, we assume that they impair blood and nutritional supplies to the foetus via hampering the placental barrier proper function, and hence there will be no proper detoxification.

In conclusion, based on the present findings, it seemed that arsenic and lead might have a synergistic effect, causing derangement of the barrier function of the placenta. However, this function is partially effective regarding the transfer of arsenic and cadmium but less effective against lead. Importantly, cadmium showed a weak protective action mostly attributed to MTs action, but that needs to be clarified in further future research.
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